Abstract. Aims of this study is to evaluate the effect of light-curing duration using light-emitting diodes (LED) curing units and different composite shades on the color stability of the composite resins. Specimens in four shades of two types of composite resin were prepared and polymerized with the LED curing unit. The initial color parameters (L*,a*,b*,E*) were done using a spectropho-tometer before subjected to a thermocycling regimen comprising of 500 cycles in water of 55˚C and 5˚C. The final color readout was then performed to determine the color changes using ANOVA and Tukey-Kramer post-hoc test. After thermocycling regimen, the mean delta E* of specimens were in the range of 1.67 to 4.78. The mean delta a* of specimens were mostly positive, while the mean delta L* and delta b* were mostly negative. There was perceptible color change in most of the specimens as they were mostly darker value (negative delta L*), shifted towards reddish discoloration (positive delta a*) and blueish discoloration (negative delta b*). The color change experienced by the specimens could not be anticipated in relation to curing duration and types of composite shades as the effect was more likely dependent on individual material composition rather than actual shade classification. Neither light-cure duration nor difference in shades had significant effect on the amount of color change in composite resins.
Introduction
The dental light-curing unit (LCU) is an essential part of composite restoration to reach their manufacturer's intended properties and is a basic requirement for predictable long-term clinical success. These composite resins commonly employ camphorquinone as its photoinitiator and an aliphatic amine as an activator which reacts with each other when light-cured to create free radicals and initiate polymerization [1] . However, clinicians often skimp on the duration of their light-curing due to time constraints in a busy clinic. This may possibly result in inadequate photopolymerization of the composite resin. Undercured composite resin present a host of problems such as post-operative sensitivity, marginal breakdown, bulk fracture due to the suboptimal properties and poor clinical performance [2] .
With increasing emphasis on dental aesthetics, the ability to select the correct shade of composite resin is imperative to produce restorations, which are as imperceptible as possible compared to the natural dentition. Thus, the ability to anticipate the final color characteristics of the composite resin used for restoring teeth is crucial as the human eye is sensitive to changes in the value of the shade, more so in lighter shades [3] .
Color stability of the composite resin is dependent on various factors such as the photoinitiator system, resin matrix, light curing variables such as exposure time, light intensity and others [4] . Camphorquinone (CQ) is a photoinitiator component in composite which is yellow in color. It significantly influences the final color of the material although it is used in a small amount as residual CQ, which is not converted during light curing can influence the color of the material. Furthermore, the other important components of photoinitiator system are tertiary amines which can form by-products during photoreaction that tend to cause yellow to red-brown discoloration under the influence of light or heat [5, 7] . The influence of resin matrix on color stability is also known. Shade shifts towards white and opaque if the matrix is more hydrophilic, but little impact is seen if the matrix is very hydrophobic [6] [7] . Insufficient curing of composite resin and type of light curing units can also affect the color stability of composite resin.
Thus, the aim of this study was to investigate the effect of light-curing duration and different composite shades on color stability of composite resin using light emitting diodes (CURE TC-24 LED) curing units. The null hypothesis tested was the curing duration on different shades of composite resin have no differing effect on color stability of composite resin.
Materials and Methods
Two brands of composites resin, Filtek Z250xT (3M ESPE) and Ceram.x.one (Dentsply) are selected in shades of A1, A2, A3 and A3.5. Both composites resin contains only camphorquinone as photoinitiator. The light-curing units to be used are a light emitting diode (CURE TC-24 LED) and the curing duration selected are 10s, 20s and 40s. Twenty-four groups of 10 specimens each, totaling to 240 specimens will be prepared.
A 3D printed matrix was used to fabricate 5 mm in diameter and 2 mm in thickness specimens according to the group. The composites were inserted into the matrix and compressed with a glass slide to allow excess material to flow out. After insertion into the matrix, the specimens were light activated using the LED lightcuring unit. Subsequently, the test specimens were polished and the thickness was measured with a caliper, since any alterations in test specimen thickness could influence the results.
After obtaining the test specimens, initial color readout was taken using a spectrophotometer (VITA Easyshade) with the specimen placed on a white tile. Next, the samples were subjected to a thermocycling regimen AMMP entre (ATDM T6-ED Zactron Sdn. Bhd.) comprising of 500 cycles with dwell time of 60s each alternating between water baths with temperatures of 55°C and 5°C.
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After the thermocycling regimen, the final color readout was performed and color stability (∆E) was determined by the difference between the coordinates obtained before and after the ageing process of the samples using the formula below: ∆E = [(∆L)2 + (∆a)2 + (∆b)2 ]1/2 Where the ∆E is the color alteration, ∆L = LF -LI, ∆a= aF -aI and ∆b= bF -bI.
The subscript letter "F" correspond to the final readout, taken after regimen and "I" to the initial readout. ∆L represent the difference in luminosity, ∆a the difference in the red green parameter (-a* = green and +a*= red) and ∆b the difference in the yellow-blue parameter (-b* = blue and +b*= yellow). Values of ∆E equal to or higher than 3.3 were considered clinically unacceptable [8] [9] [10] . After obtaining the data, the statistical analysis was conducted with SPSS software 16.0 (SPSS Inc. Chicago. IL. USA) using ANOVA, Tukey-Kramer Post Hoc test.
Results
Table shows the means values and standard deviation for all the color parameters (∆L, ∆a and ∆b) and the color stability (∆E) of the specimens after the thermocycling regimen (Table 1 & 2) . ∆E ≥ 3.3 which is considered to be clinically unacceptable was found for Ceram.x one with curing time 10s for shade A1 and A2 and 40s for shades A1 and A3. The FiltekZ250xT composites with curing time of 10s for shade A2, 20s for shade A2 and 3.5 and 40s for shade A3 and A3.5 also showed clinically unacceptable values of ∆E. However, ANOVA and TukeyKramer post hoc test revealed no statistically significant differences for all groups (p>0.05). Most of the ∆L (lightness-darkness) value of all groups except for Ceram.x one with curing time 20s for shade A2 and A3 showed negative mean values, indicating a darker shift of the specimens. Positive mean values of ∆a (red-green) and negative mean values of ∆b (blue-yellow) were observed in all groups relating to the increase in redness and blueness of the specimens. Once again, ANOVA and Tukey-Kramer post hoc test revealed no statistically significant difference for all groups (p>0.05).
Discussion
Based on the results obtained, the research hypothesis of curing duration on different shade of composite resin have no differing effect on color stability of composite resin could not be rejected. No significant differences were found in color stability for different shades of composites resin, considering the curing times used.
In the present study, only one type of photoinitiator which is camphorquinone (CQ) was evaluated on different shades of composite resin. One type of curing devices, which is LED was also used in this study to cure the composites with different curing times. CQ absorption peak of light is 465nm and the LED curing unit supply a blue output near 450nm to 470nm [11] . Thus it is quite effective in activating the CQ in the composite resin.
It is interesting to note that the effect of curing duration on the color stability could not be predicted with respect to the shades. The result obtained was varied despite of the curing times and shades of the composites with highest overall changes of color stability: ∆E of 4.78 for shade A1 of ceramX.one with curing time of 10s. There is no particular shade or curing time that demonstrated obvious changes in color stability.
In all sample groups, the color parameter ∆a showed positive mean value, which indicates the specimen shifted to reddish discoloration. This was attributed to the 
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accelerator or their by-product formed during the initiation process that was thermally attacked by the thermocycling regimen [12] . The color parameter ∆b result in negative value indicating the bluish discoloration of the samples for all shades and curing times. The CQ was completely converted by the LED in all three-different curing duration and not compensated by the yellow tinge of by-products from the accelerator. It is predicated that there is no overlapping spectra of LED light and accelerator as the CQ is within the ab-sorption range of LED emission spectrum [12] . A yellow color shift could be seen if overlapping of accelerators occur and overcompensates the blue color shift with its byproducts.
All curing durations used on different shades of composite resin converted the resin matrix appropriately as the color parameter ∆L result in negative value (shifted darker) in all samples except for Ceram.x one shade A2 and A3 cured for 20s. The reason for the changes in this specific shades and curing duration are unknown. Increase in lightness due to increasing opacity would indicate an in-crease in water sorption and thus, a change to higher refractive index [7] .
In previous study by Brackett MG et.al (2007) , the authors found that all shades of hybrid product indicate significant yellowing with use of QTH light but only with one each of microhybrid and microfill [11] . In our present study, only one composite classification, which is the nanohybrid universal composite resin in dif-ferent shades were tested. The variation in color parameters (∆L, ∆a and ∆b) were evaluated, not only the final L*,a* and b* value as performed by Bracket Mg et.al. This allowed us to observe the optical behavior of the composite over the course of time.
According to Silami FD et al. (2003) the CQ yellowing effect on darker shade composite is not as critical as compared to the lighter shades [8, 13] . Thus, smaller quantities of CQ are added while alternative photoinitiators used may alter the final properties of the material. One limitation of this study is that the exact composition of the tested materials were not exactly known. Different shades of composite resin may have different concentrations of CQ and resin matrix, thus af-fecting the final outcome in the tests.
Conclusion
Not all materials achieved clinically acceptable results in the tests, with some even showed unacceptable color change values, ∆E >3.3. No significant differ-ences in color stability were found for different shades of composites resin, con-sidering the curing times used, as it appears to be more dependent on product composition rather than the classification of shades itself.
